Objective-To study the relation between cardiac systolic activity and cardiac cycle dependent variation in the ultrasound signal arising from within the myocardium.
Abstract
Objective-To study the relation between cardiac systolic activity and cardiac cycle dependent variation in the ultrasound signal arising from within the myocardium.
Design-Regional echo amplitude was used as a measure of the myocardial ultrasound signal. Relative echo amplitude values were assigned by standardising echo gain using the posterior parietal pericardium as an in-vivo calibration. M mode measurements of the left ventricle were used to assess cardiac systolic activity. Subjects were studied prospectively. Analysis of echo amplitude was performed by investigators who were blinded to the results of the M mode analysis. The influence of impaired left ventricular performance and abnormal wall motion were assessed.
Patients-1 cardiomyopathy patients with impaired ventricular function, eight patients with severe pulmonary hypertension and reversed septal motion, and 19 healthy controls.
Setting-All subject studies were performed at Harefield Hospital. Echo amplitude analysis was performed at the Royal Brompton Hospital.
Main outcome measures-Cyclic variation in echo amplitude was determined as the change in echo amplitude from end diastole to end systole. Additionally, an index of cyclic variation defined as the ratio of the cyclic change in echo amplitude to end diastolic echo amplitude was measured. Both cyclic variation and the cyclic variation index were analysed to see whether they correlated with left ventricular dimensions, fractional shortening, and systolic wall thickening.
Results-Stepwise regression analysis showed systolic wall thickening to be the most significant independent variable that correlated with the cyclic variation index for both the septum and posterior wall (r = 0i68, p = 0-0001, septum; r = 069, p = 00001, posterior wall). The slopes and intercepts for both regression equations were similar (y = OOO5x + 0006, septum; y = 0006x + 0, posterior wall). Subgroup analysis showed that the healthy controls, patients with cardiomyopathy, and patients with pulmonary hypertension had similar slopes and intercepts for their individual regression equations.
Conclusions-These data support the hypothesis of a quantitative relation between the extent of cyclic variation of echo amplitude and the degree of segmental myocardial shortening, as measured by systolic wall thickening, which is not significantly influenced by location within the myocardium, left ventricular performance, or wall motion. They provide further evidence of the usefulness of quantitative analysis of myocardial echo amplitude in the study of regional myocardial function in both normal and injured myocardium.
Ultrasonic tissue characterisation provides a powerful non-invasive tool for examining myocardial structure and function in both normal and disease states.'-" Previous workers have shown a cardiac cycle dependent variation in ultrasound signals from within the myocardium in humans and animals.9 [11] [12] [13] Peak values occurred at end diastole and minimum values at end systole. It has been suggested that these cyclic changes are related to contractile events within the myocardium. '4 The extent of the relation between contractile events and cyclic variation in the ultrasound signal, however, is still unclear, particularly in human hearts both normal and diseased.
During cardiac contraction several physiological events occur within the myocardium including wall thickening, motion of the wall, and an increase in myocardial tension. Their effects on the myocardial ultrasound signal cannot easily be distinguished from each other in animal preparations-for example an increase in cardiac contractility may increase all three of these measurements, obscuring the individual contribution of each. For these reasons we have studied three different subject groups to study the effect of these physiological events on echo amplitude in humans. The three groups studied consisted of healthy volunteers in whom wall motion, thickening, M  72  2  28  M  68  3  35  M  84  4  21  M  60  5  29  M  68  6  27  M  64   7  25  M  60  8  24  M  84  9  30  M  50  10  30  M  78  11  26  M  64  12  29  M  48  13  34  M  52  14  32  M  78  15  26  M  52  16  24  M  63  17  27  M  52  18  27  M  64  19  26  M  68 and tension were normal; patients with cardiomyopathy in whom wall thickening and motion were decreased throughout the cycle (that is, not hypertrophic cardiomyopathy), and patients with pulmonary hypertension in whom wall thickening was normal but wall motion was abnormal. We used regional echo amplitude (echo amplitude) as a measure of the ultrasound signal arising from within the myocardium. Table 3 shows the M mode values for individual subjects. Stepwise linear regression analysis showed that systolic wall thickening was the most important independent determinant of echo amplitude cyclic variation, measured as the cyclic variation index (table 7) . The slopes and intercepts of the regression relation for both the septum (y = 0 005x + 0-06) and posterior wall (y = 0 006x + 0 004) were similar (fig 2) , suggesting that at least in the base of the left ventricle the relation between cyclic variation in echo amplitude and systolic wall thickening is independent of position within the ventricle and mainly reflects the degree of wall thickening. Analysis of the three groups individually confirmed a similar relation within each group. The slopes and intercepts of the regression relation were similar in the healthy controls and patients with cardiomyopathy but there was some variation in these values in the patients with pulmonary hypertension (figs 3 and 4). However, there was a large overlap in the 95% confidence intervals for the slopes between the three groups. The correlation between the absolute change in echo amplitude (as distinct from cyclic variation index) and systolic wall thickening was less (r = 0 42, p = 0 01, septum all subjects; r = 0A47, p = 0 003, posterior wall all subjects), suggesting that the incorporation of a factor, in this case end diastolic echo amplitude, which reflects the overall background level of echo amplitude within the myocardium, is important. n, number; p, probability; PHT, pulmonary hypertension; r, correlation coefficient; SE, standard error. similar arrangement of circumferential and longitudinal fibres at this level.27 By comparison the increased cyclic variation in distal regions of the canine left ventricle seen by Glueck et al 9 may reflect the higher proportion of longitudinal fibres and increased wall torsion at the apex.28 Again relative fibre rearrangement within the myocardium during the cardiac cycle will influence the degree of wall thickening. Although the exact relation between myocardial systolic activity and cyclic variation is unclear, it is likely that both segmental myocardial contraction as evidenced by systolic thickening and cyclic variation in the ultrasound signal reflect conformational changes in contractile elements within the myocardium at either or both cellular and fibre levels.
Several workers who used integrated backscatter measurements for examining cyclic variation in the myocardial ultrasound signal have noted a disparity between systolic wall thickening and cyclic variation in both myocardial ischaemia and hypertrophy.202429 In their studies cyclic variation was determined as absolute change and did not incorporate any measure of background levels of ultrasound signal. Our use of the parietal pericardium as a method for standardising echo amplitude allows values of echo amplitude at end diastole and end systole to be assigned and enables the ratio of change in echo amplitude (cyclic variation index) to be calculated. Our results showed a considerable and significant improvement in correlation when the cyclic variation index rather than absolute change in echo amplitude was compared with systolic thickening. This suggests for example that a cyclic variation of 2 dB at a background end diastolic echo amplitude of 4 dB is associated with a greater degree of systolic wall thickening than a similar change of 2 dB at an end diastolic echo amplitude of 10 dB. We have previously shown that echo amplitude is increased in both left ventricular hypertrophy and ischaemic heart disease56 and is associated with increased myocardial collagen in ischaemic heart disease and abnormalities of diastolic function such as diminished peak rate of wall thinning and cavity dimension increase in left ventricular hypertrophy. It shown and as this study confirms, the extent of cyclic variation is multifactorial and cannot be solely related to wall thickening. Of note in this study is the negative correlation between age and cyclic variation seen in the posterior wall of the ventricle which was not mirrored by a similar relation between age and systolic thickening. This is similar to that recently reported by Masuyama et al30 and may reflect the many subtle changes in the myocardium which occur with aging, in particular the well documented increases in myocardial collagen. 3' 32 LIMITATIONS There are several limitations to this study which must be considered. Although in this study subjects were generally good echo subjects, image quality as in most echocardiographic studies can be unsatisfactory. Full echo amplitude studies could not be analysed in three subjects. Also, owing to rotation and translation of the heart during the cardiac cycle, end systolic and end diastolic frames may not image directly comparable areas of myocardium. Simultaneous M mode and colour encoded images could not be obtained with the system we used and this may also introduce a source of error. Additionally the well known inaccuracies of M mode measurements particularly with respect to interventricular septal thickness must be considered. Finally, the present system still requires the master gain to be set using the parietal pericardial signals and this may introduce a small degree of subjectivity in overall values though not the extent of cyclic change.
CONCLUSIONS
Our observations in human subjects of a significant correlation between cyclic variation and systolic wall thickening strengthen the hypothesis that cyclic variation predominantly reflects local shortening within the myocardium. We have shown that there is a correlation between cyclic variation index and systolic wall thickening which is valid over a wide range of myocardial function and which is not altered by distorted wall motion. We also showed the importance of incorporating background echo amplitude into relations between cyclic variation in echo amplitude and systolic thickening. This In conclusion, this study provides evidence that cyclic variation in echo amplitude reflects segmental myocardial shortening in normal and abnormal hearts and this can be measured by analysis of grey scale images from studies acquired in real time.
